Prunellae Spica (PS) is an important traditional Chinese herbal medicine (TCM) with massive consumption because of its therapeutical and seasoning effects. However, little attention has been paid to simultaneous analyze its bioactive components for quality control of PS based on its different growing habitats and different growth periods. In this study, the quality of PS was evaluated based on simultaneous determination of multiple bioactive components combined with grey relational analysis (GRA). A reliable method based on high-performance liquid chromatography tandem triple quadrupole mass spectrometry (HPLC-QTRAP-MS/MS) was established to simultaneously determine the contents of 21 components in PS, including 9 phenolic acids, 3 coumarins, 8 flavonoids and 1 pentacyclic triterpene. Furthermore, GRA was performed to evaluate the quality of PS samples according to the contents of these 21 components. The results showed that the quality of PS harvested on withering period, cultivated in Anhui was better than that of other PS samples. The proposed method is useful for the overall assessment on the quality of PS, and this study provides valuable information for revealing the dynamic change laws of metabolite accumulation in PS and choosing the most suitable harvesting time and genuine producing area of PS to obtain the best quality.
Prunellae Spica (Xiakucao in Chinese), derived from the dried spica of Prunella vulgaris L (Lamiaceae), is a perennials herb that flowering and withering in summer year after year. It is one of the most popular traditional Chinese medicines (TCMs), and is officially documented in the Chinese Pharmacopoeia, which possess the effects of purging toxins in liver, improving vision, dispersing swelling, treating mammary gland hyperplasia and so on [1, 2] . PS has been used in China with a long history of thousands of years, which was documented in the oldest material medica book, "Shennong classic of material media" and it was listed as the herb of lower classes. Modern pharmacological studies and clinical practice demonstrated that it possesses anti-inflammatory, antimicrobial, antioxidant, antiviral and immunomodulatory [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , and can be used for lower high blood pressure, alleviate sore throat, reduce fever, treat thyroiditis and accelerate wound healing [15] [16] [17] [18] [19] [20] . A large number of phytochemical investigation has revealed that PS mainly contains several types of constituents, such as triterpenoids, phenolic acids, flavonoids and coumarins [21] . Recent research showed that these constituents contained in this TCM could exhibit various biological activities, for example, triterpenoids have been demonstrated to possess anti-inflammatory, antiestrogenic, antidiabetic, antitumor and anti-HIV properties; phenolic acids has antiinflammatory, antibacterial, antiviral, antioxidant, and antinociceptive properties; flavonoids have been proved to possess antiviral, antioxidant, antitumor activities; coumarins have been shown the activities of anti-HIV, antitumor, anti-flammatory and so on [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . The synergistic action of these various constituent is considered to be responsible for the therapeutic effects of PS, following the theory of traditional Chinese medicine. As PS resources are declining and the demand for original medicinal materials is rising annually, the government has established a largescale cultivation base for PS. However, due to differences in the ecological environment, the accumulation of active components and the quality of the PS material from different habitats may be show great differences. The harvesting time of PS is an important factor closely related to the quality of this TCM. The different growth periods can affect the chemical components in PS. On account of different growth periods and different habitats, it is difficult to achieve their standardization to ensure the effectiveness in clinical use. In view of the current situation, it is necessary to develop a rapid and reliable method to evaluate the bioactive components for quality control of PS.
The Chinese Pharmacopoeia offered a scientific and regular reference for the quality control of Prunellae Spica. In the Chinese Pharmacopoeia (2005), ursolic acid was chosen as the evaluation marker for PS, while the marker is rosmarinic acid in the edition of Chinese Pharmacopoeia (2010 and 2015). However, based on the theory of holism of traditional Chinese medicine, the simple quantitative analysis of a single chemical marker, rosmarinic acid or ursolic acid is not sufficient for the quality control of PS. Therefore, determination of the multiple bioactive constituents in plant materials would be helpful in the better explaining the complex pharmacological activity of PS.
With the development of analytical technical, the quantitative control of PS also in the continuous evolving. Several analytical methods including high-performance liquid chromatography (HPLC) [35] , high-performance capillary electrophoresis (HPCE) [36] and high-performance liquid chromatography coupled with evaporative light scattering detection (HPLC-ELSD) [37] were hitherto employed to quantify some of the compounds for chemical evaluation or standardization of PS. However, these methods are limited by long analysis time, low sensitivity and resolution. On the contrary, HPLC-QTRAP-MS/MS offers significant advantages in speed, resolution and sensitivity for analytical determinations with little solvent consumption. Table 2 . Furthermore, GRA was used to evaluate the tested samples according to the contents of 21 investigated constituents. The normalization treatment of raw data, dimension of the differences of comparing sequences and reference sequences, correlation coefficient of the evaluated samples and the main components, and correlation degree and weight value of the evaluation samples are given in Table S1 . The grey comprehensive evaluation values relative grey correlative degree (RCD) and quality-rankings are listed in Table 3 . S1-S21 were collected at different habitats, and the quality ranking in PS from different habitats is S16 > S12 > S18 > S4 > S5 > S11 > S15 > S3 > S17 > S9 > S1 > S21 > S20 > S7 > S14 > S6 > S13 > S8 > S10 > S19 > S2, and PS cultivated in Anhui showed the best quality compared to PS from other habitats. S22-S25 were collected at different harvesting times, and the quality ranking of PS from different harvesting times is S24 > S25 > S23 > S22, which indicated that the quality of PS harvested on withering period was the better than that of PS from other harvesting times. Results and traditional harvest time revealed that the withering period was the best source of PS spica for multiple bioactive constituents. The present method is suitable for the routine analysis and can contribute to quality control of PS from different harvesting times and different habitats. It will provide valuable information for revealing the dynamic change law of metabolite accumulation in PS, choosing the suitable harvesting time and exploring the mechanisms responsible for its comprehensive quality. The dried sample powder (1.0 g) were weighed accurately and extracted with 30 mL of 80% aqueous methanol (v/v). After accurate weighting, ultrasonication (40 kHz , 500 W) was performed at room temperature for 30 min, and then the same solvent was added to compensate for the weight lost during the extraction. The extract solution was cooled at room temperature and subsequently centrifuged at 12000 rpm for 10 min. All the solutions were stored at 4 ℃ and filtered through a 0.22 μm membrane filter and transferred to a glass vial for the injection into the HPLC system for analysis Chromatography and mass spectrometry: Determinations were performed on a Shimadzu HPLC-20ADXR system (Shimadzu, Kyoto, Japan), consisting of a binary solvent delivery system and an autosampler. An HPLC Syergi Hydro-RP C 18 column (100 mm×2.0 mm, 2.5μm, Phenomenex, USA) column was used for all the analyses. The mobile phase consisted of 0.1% formic acid (v/v, A) and methanol (B) and was in gradient elution. HPLC linear gradient conditions were: 10%B in 0-3min, 10%-95%B in 3-10 min, 95% B in 10-15 min, 95%-10% B in Quality evaluation of Prunellae Spica Natural Product Communications Vol. 12 (7) 2017 1117 S1  S2  S3  S4  S5  S6  S7  S8  S9  S10  S11  S12  S13  S14  S15  S16  S17  S18  S19  S20  S21  S22  S23  S24  S25   1 Sample S16 S12 S18 S4 S5 S11 S15 S3 S17 S9 S24 S1 S21 S20 S7 S25 S14 S6 S13 S8 S10 S19 S23 S2 S22 RCD 0.6 0.6 0.6 0.6 0.6 0.6 0. 15-16 min, 10% B in 16-20min . The flow rate of the mobile phase was 0.30 mL/min, and the injection volume was 1 μL. The column temperature was maintained at 30℃.
Mass spectrometry detection was performed using an API5500 triple quadrupole mass (AB SCIEX, Framingham, MA, USA) equipped with an electrospray ionization (ESI) source operating in the negative ion mode. The ESI-MS spectra were acquired in the multiple reaction monitoring (MRM). The parameters in the source were set as follows: GS1 flow 55 L/min, GS2 flow 55 L/min, CUR flow 40 L/min; gas temperature 550℃; pressure of nebulizer of MS -4500 V. All MS data were acquired using the Analyst 1.6.2 to ensure mass accuracy and reproducibility. Representative MRM chromatograms for 21 analytes were shown in Figure 1 . As shown, the chromatographic peaks of bioactive constituents basically had on interference with impurity peaks by the HPLC-QTRAP-MS/MS conditions, which met the quantitative requirements of PS.
Method validation:
The linearity of the method was obtained by plotting the peak areas versus the corresponding concentrations of each analyte. A series of diluted standard solutions of 21 analytes were prepared to determine the LOD and LOQ when the signal-tonoise ratios (S/N) of analytes were about 3 and 10, respectively. To verify the method precision, three different concentration levels of standard mixtures of the 21 constituent were analyzed with six replicates. The repeatability was assessed by analysing six independent samples prepared by the same method. Sample stability was evaluated at room temperature by analyzing sample solution at 0, 4, 8, 12, and 24 h. The relative standard deviation (RSD) was taken as a measure for precision, and repeatability, as well as stability.
A recovery test was used to evaluate the accuracy of the method. The test was performed by adding the corresponding marker compounds at low (80% of the known amounts), medium (same as the known amounts), and high (120% of the known amounts) levels into a certain amount of PS. Three replicates were performed at each level. The mixture was analyzed using the aforementioned method. The results were summarized in Table 4 .
Supplementary data: Table S1 and Supplementary Date are included in the Supporting information.
